Bacterial isolates were obtained from pine (Pinus sylvestris L.) tissue cultures and identified as Methylobacterium extorquens and Pseudomonas synxantha. The existence of bacteria in pine buds was investigated by 16S rRNA in situ hybridization. Bacteria inhabited the buds of every tree examined, primarily colonizing the cells of scale primordia and resin ducts.
our laboratory before, and the tissue culture procedures were performed aseptically to prevent contamination of the cultures. No bacterial growth was observed in mock cultures comprising all the media and chemicals used in the tissue culture and protoplast isolation procedures. Isolates F and G were chosen for further analysis.
Oligonucleotide probes complementary to the 16S rDNAs of the isolates were designed (MB, 5Ј-AGCGCCGTCGGGT AAGA-3Ј, for Methylobacterium, corresponding to Escherichia coli positions 1388 to 1371; and PS5, 5Ј-GCAGAGTATTAA TCTACAACC-3Ј, for Pseudomonas synxantha and related species of the Pseudomonas fluorescens subgroup, E. coli positions 468 to 448) by using the programs Sequence Match and Probe Match (RDP) (23) . Also, a probe that hybridized to eubacterial but not chloroplast or mitochondrial rRNA sequences (E11, 5Ј-AGCCATGCAGCACCTGTCTC-3Ј, E. coli positions 1065 to 1045) was created. Probes MB and PS5 showed at least one mismatch with all accessible 16S rRNA sequences obtained through the RDP. The oligonucleotides were labeled with digoxigenin (Boehringer Mannheim).
Stringent conditions for the in situ hybridization were determined by hybridizing the probes with pine chloroplasts (27) , cells of pine-associated bacteria (the bacteria under study and Mycobacterium sp. [21] ), and two control bacteria (E. coli DH5␣ and Lactobacillus delbrueckii subsp. lactis). The chloroplasts and cells were fixed (6) and attached to slides coated with 3-aminopropyltriethoxysilane (Sigma) by baking at 55°C overnight. The stringency of the hybridization was adjusted by gradually increasing the formamide concentration (31) in the hybridization buffer, which contained 3ϫ SET (6), Denhardt's solution (28) , 0.02% tRNA (Sigma), 0.02% poly(A) (Sigma), 10% dextran sulfate (Merck), 50 mM dithiothreitol (Calbiochem), and the probe (0.5 ng/l). Hybridization was performed at 38°C overnight, after which the slides were washed with 2ϫ SET at room temperature for 15 min and with 0.1ϫ SET at 53°C for 15 min. Detection was performed with the DIG nucleic acid detection kit (Boehringer Mannheim). For E11, MB, and PS5, high levels of specificity were obtained at formamide concentrations of 20, 30, and 35%, respectively. Probe E11 was found to hybridize to eubacterial but not pine chloroplast or mitochondrial rRNA (Fig. 1a) .
The specificities of the probes were confirmed by dot blot hybridization. DNA samples, extracted from pine buds (20) , E. coli, the Mycobacterium sp., and the two bacteria under study (3, 4) , were immobilized on a nitrocellulose membrane (Amersham) and hybridized overnight at 38°C in a buffer com-prising 3ϫ SET, 0.1% sodium lauroyl sarcosine (Sigma), 0.02% sodium lauryl sulfate (Sigma), 1% blocking reagent (Boehringer Mannheim), 0.01% poly(A), formamide at a probe-specific concentration, and the probe (1 g/ml). The membrane was washed and its contents were detected as described above. Probes MB and PS5 hybridized specifically to their targets and also to the DNA isolated from pine buds (data not shown).
Probes E11, MB, and PS5 were then hybridized into pine buds under aseptic conditions. The buds (five, from separate branches of a tree) were collected from mature, healthy trees (three per area) at three different locations in northern Finland (Oulu, Tyrnävä, and Sodankylä). Surface sterilized, peeled buds were fixed in a solution containing 0.1 M NaH 2 PO 4 -Na 2 HPO 4 (pH 7.4), 2% paraformaldehyde, and 2.5% glutaraldehyde at 4°C overnight, dehydrated, cleared through an ethanol-t-butanol series, and embedded in paraffin (Merck). The paraffin sections were baked on silane-coated slides; then the paraffin was removed. Altogether, 45 buds were examined after preparation of one to four samples per bud. For each experiment, all three probes, E11, MB, and PS5, were hybridized as described above, and a control without a probe (Fig. 1b) was included every time.
The eubacterial probe E11 hybridized to every bud specimen, particularly in the cells of scale primordia (Fig. 1c) . Bacterial rRNA was less abundant in the apical meristem itself, but a signal was usually detected in its outermost cells ( Fig. 1c  and d ) and in the cells of the developing stem, right below the apical meristem. Bacterial rRNA was also abundant in the epithelial cells of the resin ducts (Fig. 1e) , but it was detected less frequently in the vascular tissue and in the intercellular spaces. Negative-control hybridizations with sense-strand probes did not result in signal detection. When an RNA probe targeted to 25S rRNA of pea (Pisum sativum) (32) served as the positive control for pine cytoplasmic ribosomes, the hybridization pattern was completely different from that detected with the bacterial probes (data not shown).
DNA staining of the pine bud tissue was performed to support our results. RNase A-treated thin cuts (Sigma; 50 g/ml in 10 mM Tris-HCl [pH 7.5]-1 mM EDTA for 30 min at 37°C) were rinsed in water, air dried, and stained with ethidium bromide (10 g/ml). The slides were then viewed immediately under immersion oil (fluor objectives, episcopic-fluorescence attachment EF-D, filter set UV-1A; Nikon). A pronounced distribution of stained DNA in the cytosol of some distinct cells was observed in areas indicated by the in situ hybridization, supporting the presence of bacteria in the tissue (Fig. 1f) .
Probes MB (specific for isolate F and other methylobacteria) and PS5 (specific for isolate G and related species) hybridized to the same parts of the pine bud tissue as did the eubacterial probe E11. The two genera inhabited every tree examined; typically, there were MB-or PS5-specific transcripts in three or four buds per tree. MB and PS5 hybridized with 71 and 60% of the specimens, respectively (Fig. 2) . Since bacterial expression was found with E11 but not with MB or PS5 in some specimens, other bacteria must be present in the pine buds.
Physiological tests for the identification of the bacterial iso- lates were performed by Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (Braunschweig, Germany). The cellular fatty acid profile and the physiological test results for isolate F were typical of M. extorquens (Table 1) , and the partial sequence of the 16S rDNA was 98.4% similar to the 16S rDNA of M. extorquens. The cellular fatty acids of isolate G were typical of the fluorescing RNA group I pseudomonads. The partial sequence of the 16S rDNA was most similar to those of P. azotoformans (99.7%), P. synxantha (99.4%), and P. mucidolens (99.4%). The physiological characteristics pointed to P. synxantha (Table 1) .
The phylogenetic analysis was performed first with all sequences of the genera available through the RDP and then with the best-characterized strains. The sequences were aligned by using ClustalW (30) , and gap positions were excluded manually. A distance matrix was created with the program DNA-DIST of the Phylip software (8) , from which the tree topology was built in NEIGHBOR. Figure 3 contains two neighborjoining trees showing the phylogenetic positions of bacterial isolates F and G. Isolate F formed a cluster with Methylobacterium sp. strain GK 101 (14) , supported by a bootstrap value of 899. Isolate G formed a cluster with P. azotoformans, P. synxantha, and P. mucidolens, supported by a bootstrap value of 989.
Taken together, the bacteria isolated from the pine buds were classified as new strains of M. extorquens and P. synxantha. They might be pathogens, but to our knowledge, phytopathogenic strains of P. synxantha or Methylobacterium have not been identified (22) . Instead, several members of the genus Methylobacterium produce cytokinins (17, 18) , and M. extorquens has been found to participate in the flavor biosynthesis of the strawberry (33) .
Pseudomonads and methylobacteria are regularly found in plant tissue cultures (22) . To our knowledge, the origin of the bacteria in the plant tissue has not yet been studied. We used a 16S rRNA in situ hybridization method which has often been FIG. 2. Hybridization of MB (specific for Methylobacteria) (gray bars) and PS5 (specific for P. synxantha and relatives) (black bars) into bud specimens collected from three trees in the three sample areas, expressed as a percentage of total number of buds collected (five buds per tree).
FIG. 3. Phylogenetic positions of pine bud tissue-associated bacterial isolates F and G. The 16S rDNA sequences of the two isolates, E. coli (outgroup), and representatives of the genera Methylobacterium (a) and Pseudomonas (b) were analyzed by the neighbor-joining method. Values from 1,000 bootstrap repeats are presented if support was Ͼ50%. All sequences were obtained from the RDP, and the species' names are followed by the corresponding strain GenBank accession numbers.
employed in studying endosymbionts of invertebrates (7, 9, 10) , and our results provide the first direct evidence that bacteria exist in pine bud cells. Bacteria appear to be regular inhabitants of pine bud tissue, since we found bacteria in every bud examined. Investigations of bacterial metabolites and studies of bacterial colonization in other tissues would yield more knowledge of the role of the microbes.
Nucleotide sequence accession numbers. M. extorquens (isolate F) and P. synxantha (isolate G) were deposited in DSMZ under accession numbers DSM 13060 and DSM 13080, respectively, and the 16S rDNA sequences were submitted to GenBank under accession numbers AF267912 and AF267911, respectively.
